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ABSTRACT 


A m a j°r phase of the Space Shuttle Vehicle (SSV) Development Program has been 
SImSh! 00 "/ data through the Space Shuttle Wind Tunnel Testing Program. 
During the early concept studies it became obvious that the large number of 

Sr ? 8nV r °® ent combinations would necessitate an extremely large wind 
si testing program. To make the most efficient use of available test 

and t0 aasist the P rlme contractor for Orbiter design and Space 
Vehicle integration, a unique management plan was devised for the design 
and development phase (1972 through 1983). o&sign 

A ° v ® rview of the Space Shuttle Program is given together with the 

evolutional development of the Shuttle configuration. A detailed review is 
provided of. the wind tunnel testing rationale and the associated test program 
management plan and its overall results. Also given is information as to the 
various facilities and models used within this program. A unique posttest 
documentation procedure is presented. In conclusion, a summary of the types of 

^ P * r fMUUlr - ““ > er T. presented toge thet ^ with 

detailed listing of the posttest documentation which is available through 
Scientific and Technical Aerospace Report (STAR). ® 


PREFACE 


Conceptual studies for a United States Space Transportation System (STS) 
th ? lar F number of configuration/enviromnent combinations would 
a ? e f^ em ^y ]‘ arge wind ^nnel testing program. To efficiently use 
the available test facilities and to assist the prime contractor for Orbiter 

Hf^ iSI Vr nd I 1 *? Shuttle Vehicle integration, a unique management plan was 
devised for the design and development phase (1972 through 1983). This paper 

t d3tailed revie " of the wind tunnel testing rationale anS fhe 
associated test program management plan. Included are tables of the complete 
wind tunnel program indicating facilities used. Also included are tables of the 
models^ an<i the overall configuration schedules. The management plan involved 
" acility representatives from the major testing centers. They were briefed 
regularly on the configuration status and the corresponding test requirements. 

< ® dditi ? n > the need for an integrated system for processing large blocks of 
wind tunnel data and for a standardized documentation concept was recognized and 
incorporated, utilizing automated data handling. Both the management system and 
the documentation methods resulted in reliable data and an efficient wind tunnel 
program for. the Space Shuttle Vehicle. _ _ 


This document should be a guide for future conceptual test planning of wind 
tunnel programs similar to that for the Space Shuttle. Items addressed are wind 
tunnel test planning and management, data management and documentation, new 
supplemental testing techniques, and innovations in model design. 
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1 . INTRODUCTION 


In late I960, the National Aeronautics -and Space Administration (NASA), explored 
the feasibility of employing a reusable vehicle for access to low-Earth orbit. 
Ideally, the desired vehiole. would be similar to a conventional aircraft in both 
design and operation. This would minimize the expense of. a single-use launoh 
vehiole. To assess the vehicles’ -aerothermodynamio performance, conoept 
feasibility studies in Phase A were conducted. The empirical data was relied on 
for generalized trade-off studies of the configurations selected. Phase B 
(definition) would rely on simple scaled models by each competing contractor. 
These scaled models were tested in the more critical aerothermodynamio areas. 
They were also supplemented by parallel NASA studies on generic configuration 
trade-offs. Phase C/D would then take the selected contractor, with an 
essentially frozen .configuration, through the design and development stages. 

The early feasibility studies determined that many complex configurations would 
be required to meet the objectives of a reusable vehicle. These configurations 
would entail an enormous amount of wind tunnel tests. Regardless. of which 
configuration/operational concept combination was selected, many unique 
configurations from the viewpoint of ground facility tests and model 
requirements would result. The launch vehicle, whether completely reusable or 
only partially reusable, would change configuration with each staging. The 
entry vehicle would have large center of gravity shifts because of the varied 
payloads to be carried. It also would be subjected to the largest range of 
velocity, configuration, and environmental combinations ever experienced by a 
manned vehicle. In addition, requirements for horizontal low-speed flight tests 
and a "ferry” concept added several new configurations. All of these many 
combined shapes would require testing for aerodynamics, aerothermodynamics, 
structural loads, structural dynamics, and stage separation. Thus, even before 
the STS concept or the prime contractor was chosen, estimates for the amount of 
wind tunnel facility testing, exceeded that of any other previous aircraft or 
space vehicle program. To meet these many varied requirements, a new approach 
was required to coordinate the large number of tests. Also required was 
use of the available test facilities and developing economical and 
timely reporting concepts. This would result in reliable data for the design 
analysts. 

This paper (an extension of reference 1) presents the rationale for 
configuration testing within the basic disciplines. It also describes the wird 
tunnel program management approach and the documentation procedure. Included 
are detailed tabular listing of all of the testing that was performed to define 
the baseline configurations. Also included is the direct-support testing done 
by the NASA centers. It should be noted that the scope of the material in this 
paper is intended to cover the prime contractor SSV wind tunnel test program 
only. That i s ,. the_Phas.e. C/D„por ti on which extended from mid-1972 to late 1 983 . 


2. BACKGROUND 


i ry J: n ^® sti e ations of STS conoepts, entitled Integral Launoh and 
Reoovery Vehiole Studies, commenced in February 1 969., by direotion of NASA's 

mf»v.,#*o e «. ° f Manned Space Flight. Within these studies the majors airoraft 

Phase a T !!® d t0 SUbffllt theirV concepts for evaluation. From these 
JJ,, ® A „ f easi billty efforts, it was concluded that the lifting body, or so 
called wingless class vehiole, would not be compatible with efficient cargo 
packing and the necessary subsystem arrangements. Nor could this configuration 
provide the subsonic performance requirements that were needed, primarily lift-- 
to-drag ratio. However, the proposed winged, two-stage vehicle concept appeared 
somewhat more promising. It satisfied the overall projected mission 
requirements. The major difficulty of this concept was the design and 
development of optimum aerodynamic configurations for the individual Orbiter and 
booster vehicles. Also required was a r onfiguration for the integrated vehicle 
system. At ...his point in the program, -'here were two Space Shuttle Orbiter 

°, on ° ep J? be i ng eval uated. One was a straight wing design with a 
horizontal ta^l (ref, 2). The other was a delta wing design. 

Subsequent to Phase A, funding for a follow-on preliminary design study (Phase 
n waa isaued ln July 1970 to the participating contractors. At' this time the 
u.S. Air Force added their particular requirements. The major of these involved 
the areas of payload capability and crossrange requirements. The primary 
purpose of Phase B was for the contractors to further refine their proposed 
configurations including the new mission requirements. They also had to prepare 
a preliminary, estimate of the costs. Because of the increasing complexity and 
expense of the Space Shuttle Orbiter/booster design studies, the contractors 
organized into teams of two. One concentrated on the Orbiter Vehicle: the other 
^ bh< e booster system. Shortly after, NASA management realized the large 
ultimate cost of the completely reusable concept. It decided to indefinitely 
delay the "flyback” booster in favor of an expendable booster. Additionally, it 
was decided to reduce the Orbiter size to be compatible with the chosen booster 
system. These design philosophy changes extended the Phase B effort for an 
additional year. This contract period was referred to as "Phase B Prime. " 


Following the Phase B Prime study, another extension was initiated. It reduced 
the fully reusable Space Shuttle Orbiter size further and concentrated on a two- 
stage, parallel-burn booster system concept. This booster concept was 
configured as a pair of recoverable 156-inch diameter solid rocket boosters 
(SRB), with an external liquid fuel tank (ET). They would feed the rocket 
engines in the Orbiter. This second extension was referred to as "Phase B 
Double Prime." The configuration results of this phase are shown in Figure 2.1. 


In March 1972, NASA issued a request for formal proposals for the design and 
development of the Orbiter including systems integration, the ET system, and the 
SRB system. The Rockwell Rocketdyne Division had already been chosen to develop 
and produce the Space Shuttle main engines (SSME's), in July 1971. In July 
1972, Rockwell International (formerly North American/Rockwell) was selected as 
the prime contractor for the Phase C/D design, development and production of the 
Orbiter, and the overall integration of the SSV system. In August 1973, Martin 
Marietta Corporation was awarded the contract for design, development, test, and 
production of the liquid-fueled ET. In November 1973, Thiolcol Chemical 
Corporation was awarded the contract for the SRB’s. 
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The carrier vehicle oonoept for ferry and air launch (low-speed flight tests) 
was originated in late 1973. The original oonoept of '"bolt-on" air-breathing 
engines had operational limitations with range , increased turnaround time, and 
reoovery from oontlngenoy bases. Teohnioal conoerns were soar weight to the 
Orbiter, thermal- protection system (TPS) degradation, and possible oargo bay 
contamination. Studies done by the NASA-Flight Researoh Center (PRC) as well as 
other Independent studies showed the oarrier oonoept was feasible for both ferry 
purposes and the approach and landing test (ALT) program. In June 1974, the 
Boeing 747 was ohosen to be the Shuttle oarrier aircraft -C.SCA) . 

A historical aooount of the early programs leading up to the SSV oonoept can be 
found in r9ferenoe 3. 


3. CONFIGURATION EVOLUTION 


beoaiirof^^nli^i configurations as they evolved can be confusing 

teSSSTtl^L JSSL^S* ° f oonfi « upat ion designation. The Initial 
-gnations, related to the program milestones, used the following aoronymss 


ATP - Authority to Proceed 
PRR - Preliminary Requirements Review 
PDR Preliminary Design Review 
CDR - Critioal Design Review 


"* leV61 ’ tha prl " e contractor configuration control 
designations were used. At tines the lines (contour) drawina 

“ ‘‘P “ at waa amiable because changes were made so rapldly 

^neerln!’ liLl% Sl f" a ‘ l0n \J throu * h 6 used by both nanagementa^d 

3* 1 shows the approximate time periods for the various 

3 -2(a) and 3.2(b) are summaries of the major configuration 
deflations for the Orbiter and Integrated Vehicle, (IV) , respectively. ^Figure 

shwn inS *£ l '\ U ) P ? re th J e 1 e 7 v * w sawings of the major Orbiter definitions 
shown in fig. 3.2(a). Figure 3.4(a) through 3.4(e) are three-view drawings of 
the major IV definitions shown in fig. 3.2(b). Figure 3.5 (a )^ ani 3 5(bf a rl 
three-view drawings of the 0V-102 and IV for the STS-lf^?abies 3 i ?hrou*h ? ? 

Table ^4 WM^s^e WrM ^T/ 0r ° V " 102 ’ the ET and the SRB ’ a > respectively! 

thf LridyS ^rca™^l: tfere “ 0e ““ a ” d lengtha “ aad *° 


Sovlde “[sS^otT 0 ^ 10 / SllaP ? 5“ 3 5 °° S ” aap 0.1 ta wing planform sized to 
(18 too 7 !’ 2 m/Sec) deslsn touchdown speed with a 40,000-pound 

(18,100 kilogram) return payload. Elev.ons were sized to provide trim at 

hypersonic speeds over an angle of attack range from 20°to 50° with an 
operational center of gravity (CG) range of 3 percent body length (LB) The 
^cfnt b « y 15 f®!* diameter (4.57 meters) by 60 feet long (10.2 meters) to 

P w d® variety of payloads. The remote manipulator arms were stowed in a 
d °7 al ‘ len fJ h ‘ top of ths payload bay doors. For ferrf^d e^ry 

nort?nn *1 ? Propulsion system (ABPS) was situated in. the aft 

of the payload bay. Three main propulsion system rocket engines were 
located at the base of the aft fuselage and orbital maneuvering systems (OMS). 
engines were installed in two removable pod modules on the side of the aft 
use age. Reaction control system (RCS) rocket engines were also located in the 
aft pods and on the forward fuselage. The pilot's eye (cockpit location) was 

208 inches (528.3 om) aft of the nose and had an angular view of 20® up and 

The noae rad *ds was 25 inches (63.5 om) and blended smoothly into 
-.fineness ratio body. The ATP Integrated Vehicle had the Orbiter 
abtac i ied t ® tha ET "Piggy-back" style with the Orbiter nose 80.3 feet (24.48 m) 
aft of the ET nose. The Orbiter fuselage reference line (FRL) is canted down so 

that the 0r titer is oriented at a -1.2° incidence with respect to the ET 

^« i 7 K ne ; I % are attached to the ET such that the noses of each SRB 

nf IV? f 1 5,33 m) aft of the ET nose and 3.1 feet (0.94 m) above the ET 

(Ibo^t s 6 RM*^ e centerliae ® of the SRB ’ s and the ET are parallel. Two ASRM's 
(abort SRM’s) ar.i mounted at the aft end of the Orbiter body. The ET is 


5 


essentially a oone-oy Under arrangement. It Is fitted with a retro SUM package - 
at the tank nose to faoilitate ET deorbit. The external shape of the retro SRM 
is a small hemlsphere-oyllnder with a nose radius of 20.5 inohes (52.07 cm). It 
has a length of 12 4 Inohes or 10.33 feet (3.15 m) . The conloal nose portion Of 

the tank has a semivortex angle of 30° which blends smoothly into the 
cylindrical seotlon of the ET. The shoulder blending radius at the oone- 
oylinder Junoture is the same as the oylinder radius, 159 Inohes (403.9 om) . 
The ET overall length is 182.0 feet (55.47 m). The nose radius of the SRB’s is 

13 inohes (33.0 om) and the cone semivortex and angle is 18°. The oylinder. 
diameter is 156 inohes (3967.2 om) and the overall SRB length is 184.8 feet 

(56.33 m). The fixed nozzles are canted outward 11° in the yaw plane so that 
the boosters will be thrusting through the approximate center of gravity of the 
vehicle during the boost phase. 

The PRR configuration evolved from the ATP configuration based on MCR 0026 
(Master Change Record) in October 1972. The most obvious changes follow. The 
OMS pods were rotated from the aft fuselage side to the aft body shoulder and 
lengthened slightly. The canopy was moved aft approximately 52 inches (132.1 

cm) with an angular view of 7° up and 18° down. The forebody was redesigned to 
accommodate internal packaging revisions and to improve the transition to the 
midbody. Wing refinements included an increased thickness ratio, a slight 
leading-edge droop and minor wing body fillet modifications. The Orbiter 

incidence was increased to +0.5° to improve the ET separation performance and 
the. IV trim angle. The abort SRM’ s were deleted. The air breathing propulsic.; 
for landing assist following orbital flights was deleted. The ET nose was 
changed to an ogive shape to reduce the drag. The SRB’s were shortened and 
moved aft resulting in a slightly longer integrated vehicle. Most of the 
positioning of the elements (Orbiter and SRB’s) relative to the ET, were to 
improve the element- to- element interference drag. It also alleviated the SRB 
plume effects on the Orbiter base. The SRB’s also had an expanded shroud, had 
thrust vector control (TVC) added with a reduced precant, and had the aft 
strakes removed. 

Vehicle. 2A, also referred to as the "150K Orbiter,” (where K indicates 1000 
pounds) encompassed the largest changes of all (MCR 0074). Basically the 
vehicle dry weight and payload down weight were reduoed significantly, requiring 

a complete resizing of the Orbiter. A 45°/79° double-delta wing planform was 
incorporated with reduced glove leading-edge radius and forward 3weep to the 
trailing edge. It inoluded wing twist, camber, and incidence revisions for 
improved subsonic performance. Improved low-speed performance and a reduced 
static margin requirement permitted a reduction in wing size to 2,690 square 
feet (250 square meters) and resulted in rebalancing of the 0V to meet stability 
and control requirements. Nose camber and radius, body cross section, and 
upward sloping forebody slab sides were selected to improve hypersonic pitch 
trim and directional stability. By combining them with wing-body blending, 
entry heating was reduced on the body sides. These changes also simplified the 
nose structure. The CG travel requirement was reduced from 3 to 2 percent body 
length. The ferry air breathing engines were moved to a position under the wing 
(not shown). The SRB’s were shortened and moved aft further resulting in a 

shorter overall vehicle. The SRB yaw gimbal setting was reduced to 0° and the 
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nozzle flare angle was reduoed. The ET was also shortened and the Orbiter was 
repositioned on the ET near Its original location. 

Vehiolea 3 and 4 were essentially the same from an aerodynamlo configuration 
viewpoint. Vehlole 3 was Initiated with MCR 0200, with seven revisions carrying 
through the start of Vehlole 4. Early changes shortened the body by 39 lnohes 
or 3.17 feet (0.97 m) and smoothed the body_.nose area while incorporating a 
smaller nose radius at the same time. The_wing glove leading edge was inoreased 

to 81° and the incidence was decreased from 3° to +172°. Also some minor 
airfoil changes were made, the wing was lowered 4 inches (10.2 cm) , and the 
lower body was refaired. In addition the bodyflap span was reduoed. The 
primary purpose of these changes was to improve the overall aerodynamlo and 
aerotheromdynamic performance. The CG range requirement inoreased to. 2.5 

peroent body length to allow 1/2° for aerodynamic trim uncertainties with a new 
payload down of 32., 000 lbs (14,515 kg). In addition, the manipulator arm dorsal 
fairing along the top of the payload bay doors was deleted. The manipulator. was 
stowed inside the payload bay,. Later Orblter .ohanges tmid-1973) inoluded 
thickening the airfoil 6 inches (15.24 cm) at the elevon hingeline. In early 
1974 the ferry air breathing engines were deleted. The SRB’s were moved forward 
relative to the ET as was the Orblter. The FT was shortened and the retro, 
package (spike) removed. The result was a slightly shorter overall vehlole 
length. — 

The Vehicle 5 Orbiter had the OMS pods shortened and refaired to dear the 
payload bay doors in early 1974 (MCR 0500). Other lesser external shape ohanges 
modified the wing tips, increased the elevon gaps, and deleted the vertical tail 
drogue chutes. Later (mid- 1975) changes added recessed thermal glass in the 
windshield, observation windows, and hatch windows. Also the covers were 
removed from the forward RCS ports and from the umbilical doors in the aft body. 
The ET and SRB length, changes as well as the distance of the SHB and Orbiter aft 
of the ET, were in approximately 4 feet or less. An ascent air data system 
(AADS) in the shape of a cone was added to the tip of the ET. 

Vehicle 6 had no significant external shape differences from Vehicle 5. 

A thorough description of the design logic to optimize the Orbiter aerodynamic 
configuration can be found in references 4 and 5. Reference 6 discusses the 
role of the entry aerothermodynamic environment on the Orbiter design, and 
reference 7 presents some of the challenges to the structural dynamicist. 


TABLE 3.1 - ORBITER DIMENSIONAL PARAMETERS 


Component 

Parameter 

Value 

Total vehiole 

2 2 

Reference area, ft (m ) 

2690 ( 249 .91) 

body + 

2 2 

Planform area, ft (m ) 

3952 (367.14) 

exposed wing) 

2 2 

Surfaoe wetted area, ft (m ) 

11136 (1034.53) 


Length overall, ft (m) 

122.0 (37.18) 


Referenoe length, ft (m) 

107.5 (32.76) 


Height, gear up, ft (m) 

46.14 (13.75) 


Height, on gear (static), ft (m) 

53.76 (16.38) 


Span, ft (m) . 

78.056 (23.79) 

Body 

Reference length (nose at 



X s 238 Inches), in. (om) 

0 

Depth, maximum (X =1280 inches) 

1290.3 (3277.36) 


ft (m) 0 

Width, maximum (X =1528.3 inches) 

19.92 (6.07) 


ft (m) 0 

22.0 (6.70) 


Planform area, ft 2 (m 2 ) 

1914.4 (177.85) 


2 2 

Surface wetted area, ft (m ) 
Base area (includes OMS pods), 

5634 (523.39) 


ft 2 (m 2 ) 

Cargo bay (diameter by length), 

436.7 (40.57) 


ft (m). 

15 by 60 
(4.57 by 18.28) 

Wing 

2 2 

Planform area, ft (m ) 

2690 (249.91) 

(includes body 

Span, ft (m) 

78.056 (23.79) 

oarry through) 

Aspect ratio 

2.265 


Taper ratio 

0.20 


Sweep, leading edge, deg 

45 


Sweep, trailing edge, deg 
Dihedral (at wing trailing 

-10 


edge), deg 

Root chord (X =0 inches) 

o 

3.5 


(theoretical) Length, ft (m) 
Quarter chord station, X , 

57.44 X 17*50) 


inches (cm) 0 

Tip chord (Y =468.31 inches) 

1008.31 (2561.10) 


Length ft 

Quarter chord station, X , 

11.48 (3.50) 


lnohes (om) 9 

1338.80 (3400.55) 


Inoidenoe, deg 

+0.5 


Airfoil section 
MAC, o (Y 0 =182.13 inches) 

0012-64 -modified 


Length, ft (m) 

Quarter chord station, X Q , 

39.56 (12.05) 


inches (cm) 3 

1136.83 (2887.54) 


TABLE 3.1 - CONTINUED 


► 



Component Parameter 


Value 



Wing, exposed Planform area (including glove), 
ft 2 (m 2 ) 

Surface wetted area, ft 2 (m 2 ) 
Root chord (Y q = 108.0 inches) 

Length (inc. glove), ft (m) 
Quarter chord station, X , 
inches (cm) ° 

Incidence, (Y =199.045 inches), 
deg u 

Airfoil section (Y =199.045 
inches) 0 

Leading edge glove, deg 


2012.4 (186.95) 
4001 .2 .(371.71) 

80.83 (24.63) 

778.5 

-0.5 

0.0010 modified 
81 



Elevon 
(one side) 


Area, ft 2 (m 2 ) 

Span, ft 
Aspect ratio 

MAC, c length, ft (m) 

Quarter chord station, X , 
inches (om) 0 

Distance from elevon centroid 
to hinge line, inches (cm) 
Deflection (elevator/aileron), deg 
Inboard/outboard split line. 

U Q = 311 inches) 


206.57 (19.18) 
28.87 (8.79) 

4.03 

7.46 (2.27) 

1409.375 (3579.81.) 

44.75 (113.665) 

+20, -35 



Vertical tail Planform area, ft 2 4m 2 ) 

(includes Span, ft (m) 

rudder and speed Aspect ratio 
brake) Taper ratio 

Sweep, leading edge, deg 

MAC, c length, ft (m) 

Elevation, Z q , inches (cm) 

Quarter chord station, X , 
inches (cm) ° 

Root chord length, ft (m)„ 
Tip chord length, ft (m) 

Airfoil section (root - tip) 
Sweep, . .trailing edge, deg 
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413.25 (38.39) 
26.31 (8.02) 
1.675- 
0.404 
45 

16.65 (5.07) 
635.5 (1614.17) 


1463.35 (3716.90) 
22.37 (6.81) 

9.04 (2.75) 

10° sym 6 OK -40$ 
double_wedge 
26.2 
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TABLE 3.1 - CONCLUDED 


Component 

Parameter . 

Value 

Rudder and 
speed brake 

2 2 

Planform area, ft (m ) 
Span, ft (m) 

97.84 (9.08) 
16.55 '(5.04) 


c length, ft (m) 

Elevation, Z , inches (cm) 
o 

6.07 (1.85) 
670.41 (1702.84) 


Quarter chord station, X q , 
inches (cm) 

Deflection, rudder (maximum) , 

1575.77 (4002.45) 
22.8 


deg 

Deflection, speedbrake, deg 
Hinge Line, deg 

0 to 87.2 
34.83 

Body Flap 

2 2 

Planform area, ft , (m ) 
Fuselage station of hinge line, 
inches (cm) 

Span (equivalent), Inches (cm) 
Chord, inches (cm) 

135.75 (12.61) 

1532 (3891.28) 
241.33 (612.97) 
81 (205.74) 


Parameter 


Value 


Length overall (OML) , ft (m) 

Ogive radius (OML), inches (cm) 
Cylinder diameter (OML), inches (cm) 

Base area (OML), ft 2 (m 2 ) 


154.4 ( 47 . 05 ) 

613.0 ( 1557 . 02 ) 

333.0 ( 845 . 32 ) 

604.8 ( 56 . 18 ) 



Length overall, ft.(m) 

149.1 

(45.44) 

Nose radius, inches (cm) 

13.28 

(33.73) 

Cone semi- vertex angle, deg - 

18.0 


Cylinder outside diameter, inches (cm) 

146.0 

(370.84J 

2 2 

Base area, ft (m ) 

235.0 

(21.83) 

Nozzle deflection angle: 

Null position, pitch & yaw, deg 

0 


Gimbal range, pitch & yaw 

TVC axes, deg 

+ 5.0 


Body .axes, deg 

+8.0 








TABLE 3.4 - AERODYNAMIC FORCE AND MOMENT REFERENCE DIMENSIONS. 


Parameter 

Reference 

Value 

Longitudinal and lateral/directional coefficients 


Wing Area, ft 2 (m 2 ) 
Wing Span, ft (m) 

2690.000 (249.91) 
78.057 (23,79) 

MAC, c length,, ft (m) 

39.568 (12.06) 

Hinge moment coefficients 


Elevon 


Area, S , ft 2 (m 2 ) 
6 

210.000 (19.51) 

Chord c . ft (m) 
© 

7.55 (2.30) 

Bodyflap 


Area, S^, ft 2 (m 2 ) 

135.000 (12.54) 

Chord, c BF , ft (m) 

6.75 (2.05) 

Rudder/ s peed brake 


Area, S , ft 2 (m 2 ) 
r 

100.150 (9.30) 

Chord, e , ft Cm) 

6.10 (1.86) 


Note: The aerodynamic moments for the Orbiter were reduced at a point 65 

percent aft of the Orbiter nose and on the_0rbi ter centerline. For the 
Integrated Vehicle the moments are reduced at a point coincident with 
the Orbiter nose and on the external tank centerline. 


4 . TEST CONDITIONS AND REQUIREMENTS 


i^CSe^hesT^as^ ^ the SSV 
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Other potential ferry missions would involve the ET or a payload cannister. For 
the airlaunch, or the ALT mission,, the mated configuration would olimb to 
altitude (approximately 30,000 ft. or 9144 a) and launch the Orbiter in a "top- 
launch" concept. Initial ALT flights would be performed with a tailcone or _ 
fairing that covered the Orbiter main engine nozzles and stayed attached to the 
-Orbiter during the free-flight portion. Later ALT flights would be performed 
without. the tailcone. The most complex flight condition to determine for ferry 
was the definition of the wake caused by the blunt-based Orbiter and the 
subsequent effect on the 747 vertical tail. For the ALT mission the separation 
procedures and characteristics were the most difficult to determine. Fig. 4.8 
shows, the Orbiter/SCA mated configuration with the Orbiter to SCA incidence to 
be set for either a ferry or launch mission. Fig. 4.9 shows the ALT Orbiter 
Vehicle (0V1 01 ) and some of its special characteristics for the ALT program. 


5. WIND TUNNEL TESTING RATIONALE 


Much of the expertise in determining what type of wind tunnel testing that would 
be required was developed during the early SSV studies (see refs. 8 through 10). 
In addition, the selected contractor, Rockwell International, had a large amount 
of experience with previous aircraft test programs. It also had experience with 
the Apollo test program. Several differences for the SSV program were apparent 
from the beginning. However, these differences dictated that the SSV wind 
tunnel program be very thorough and at the same time be highly efficient. 
Thoroughness was dictated by the fact that STS-1 would be orbital and would 
carry a crew. There were no plans for using the conventional graduated flight 
test approach that new aircraft normally use. New ground was being broken in all 
flight phases and little empirical data were available for the early SSV 
studies. Efficiency was dictated by both the design and development schedule 
and by the need to keep costs to a minimum. Each distinct 
configuration/environment test requirement in each discipline had to be 
justified. Testing had to be designed to obtain reliable data. To minimize 
program costs, the major portion of the wind tunnel program would be conducted 
in NASA facilities. The basic objective of the overall wind tunnel program was 
to conduct the mainstream testing that would meet the technical requirements of 
the SSV aerodynamic, aerothermodynamic, airloads, structural dynamics, and 
separation disciplines. Adhering to this procedure would result. in a safe and 
successful operational SSV. In general, the early testing was done to define 
basic vehicle characteristics and parametric effects. The latter data was used 
incrementally to estimate the characteristics of any proposed design 
modifications. When the configuration definition was "frozen," for management 
review purposes, then the new design was tested to verify the estimated data 
base. This procedure was repeated several -times throughout the program, while 
holding any extensive verification tests to a minimum until the end of the 
program when the "as built" configurations could be tested. The testing 
rationale for each of the aforementioned test disciplines is discussed in the 
following paragraphs as applicable to the major configuration/operational flight 
phase combinations for the Integrated Vehicle, Orbiter, and ferry 
configurations. 


Integrated Vehiole 

The basic aerodynamic force and moment data were needed early. This determined 
the requirements for both SRB and SSME engine-on additions to the total vehicle 
stability. Total vehicle stability required that the aerodynamic and thrust, 
forces and moments be in equilibrium. The aerodynamics would dictate SRB and 
SSME precant nozzle angle settings and engine gimbal requirements. In addition, 
because the plume effects have such a strong effect on stability, the early 
tests included plume simulations. However, in testing with such a complex 
launch configuration base area there would obviously be sting interference 
effects. To account for these, engine-off tests were performed* A conventional 
sting-out of the aft end of the ET model measured force and moment data, elevon 
and rudder hinge moments, attach structure interface loads, wing moments 
(bending, torsion, and shear), and effects forward of the base area (fig. 5.1). 
Similar measurements were made with the Orbiter as the sting-supported element 
(fig. 5.2) allowing for sting effects to be accounted. Later tests, 
specifically for incremental model support Interference effects, were performed 
to address all of the sting arrangements used (fig, 5.3). For plume effects* 
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Static force and moment data on the SRD's and Orbi ter/external tank (O/ET) 
configurations were obtained at Mach 4.5 for nominal staging conditions The 
data was taken in two modes to reflect the flowfield enviroment encountered at 
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staging. Namely, separation motors were simulated using high pressure air in 
conjunction with model nozzles scaled to reproduce jet-to-free-stream momentum 
ratio. Both SRB’s were used with the 0/ET model in plume-on testing to properly 
account for cumulative effects on the 0/ET (fig. 5.8). Only a single SRB was 
used in the plume-off regime, the effects of the second SRB on the 0/ET being 
derived analytically (fig. 5.9). Relative motion between the SRB’s and the 0/ET 
was produced by an automated captive trajectory system. This system was 
programed to sequentially vary the SRB relative positions according to a 
preprogramed run matrix. Artificial boundary- layer trips were not employed over 

the tested Reynolds number range of .1.4 to 7.0 x 10^ per foot. This was because 
the presence of intervehicle shocks assured a turbulent boundary layer. A. 
unique data organization strategy, the "hypercube” approach, was developed to 
facilitate use of the eight required independent variables (jet momentum ratio, 
0/ET pitch and yaw angles of attack, SRB relative longitudinal, vertical and 
lateral displacement, and SRB relative pitch and yaw orientation). The 
’’hypercube” data strategy, as opposed to the classical grid data format, 
resulted in the reduction of required test data points by two orders of 
magnitude. 

The nominal ET. separation procedure is accomplished at an altitude at which 
aerodynamic forces and moments are negligible as compared to the forces and 
moments due to the RCS jets (used for the separation maneuver). Therefore no 
testing was done here. However, during the RTLS abort, the ET must be separated 
in a. significant aerodynamic environment. The interaction of the RCS jets with 
the free-stream flow is substantial.. The testing was accomplished for these 
flight conditions using the captive trajectory system much in the same manner as 
the SRB separation technique described above (fig. 5.10). 

Postseparation aerodynamic forces and moments, as well as. airload pressure 
distributions were obtained for the ET and for the SRB’s at the appropriate .test 
conditions. Both configurations required testing at high angles of attack 
because of tumbling after separation (ET for RTLS conditions). In addition the 
SRB recovery parachute system required some conventional testing. These tests 
were conducted using standard procedures. 

Ascent aerothermoiynamic heating tests began in the last half Of 1973 after the 
configuration had gone through most of the major changes. The bulk of the 
testing was done using thermocouples in conjunction with thin-skinned models to 
measure rapid temperature changes (fig. 5.11). Pressure testing was done for 
the same test conditions to better define the local flow environment. Later 
testing concentrated in the base area identifying requirements for the base heat 
shield at high altitudes (fig. 5.12). These tests measured pressures and heat 
transfer characteristics with simulated plumes. Generally as time went on, the 
models had higher fidelity (such as that shown in fig. 5.13). The number of. 
measurements increased concentrating in the critical areas. Supplementary 
testing with flat plate models duplicated areas that had configuration 
discontinuities, such as with the TPS tiles shown in fig. 5.14. Also, testing 
was done using oil-flow techniques to identify flow patterns and regions of high 
pressure concentrations (fig. 5.15). 

Ascent structural dynamics testing centered around aeronoise (or fluctuating 
pressure) testing in the critical transonic and low supersonic regions of 
flight. Tests were also performed checking the possibility of flutter 
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e. The Or biter entry ADS was tested using 10 percent fOrebody models as 
shown in fig. 5.26. Test Maoh numbers covered the flight operational range of 
the ADS, from Maoh 0.20 to 3.5. Supplemental air data was taken during the 
large scale model tests, fig. 5.20(b). Details of the Orbiter ADS design, 
calibration and flight results can be found in reference 12. 

Initial aerodynamic heating tests were -conducted on the entry configuration with 
the emphasis on defining the overall environment. These tests were much more 
extensive than the integrated vehicle tests because of the harsher entry heating 
environment and because of the unique individual-tile TPS used on the Orbiter.. 
The heat sensitive coating (phase change paint) technique was used to save time 
and money for the early configuration evaluation studies. Phase change coating 
models (a plastic-like substrate) are inexpensive and can be made more rapidly 
than the instrumented models (fig. 5.27). Heat transfer is determined by 
measuring the time required for a point on the surface of a model to reach the 
melting temperature of the thin coating. An added feature of this technique is 
that it is also a form of flow visualization. Another inexpensive technique 
that was used quite extensively was oil-flow photographs. They define 
streamline directions. and local flow separation characteristics (fig. 5.28). 
Follow-on tests used the thermocouple/thin-skinned model technique or. 
calorimeters to obtain more detailed data (fig. 5.29). Thermocouples were 
attached to the inner surface of the model at given points. Temperature time 
histories were taken with the angle of attack, Reynolds number, and Mach number 
as variables. Lower heating rates were measured with thin film gauges 
(resistance thermometer slug calorimeters) and the higher rates with 
thermocouple gauges (coaxial surface thermometers). Tunnel conditions were 
monitored with a dual probe that measured temperature and shock stagnation 
pressure (fig. 5.30). These thermocouple tests defined the temperature 
distributions around the Orbiter, Closely-related pressure tests defined 
pressure distributions for the same test conditions. Shadowgraph and Schlieren 
pictures of the flow patterns were useful in defining several, necessary 
parameters, such as shock-standoff distance and boundary-layer flow conditions 
(fig. 5.31). Flat plate tests with full scale tiles determined the effect of 
tile gaps suid surface irregularities as well as tile orientation (fig. 5.1*0. 
In addition, large scale testing was done in other critical areas such. as 
leading-edge surfaces, elevon seal gaps, landing gear doors, and other areas 
where surface discontinuities would cause local "hot spots." 

Structural dynamics testing was important. The validity of early configuration 
concepts was examined and critical areas defined, especially potential flutter 
tendencies of the Orbiter aerodynamic surfaces (fig. 5.32). The purpose of 
these tests was to acquire, early in the design process, experimental data in 
the transonic flight region to support analytical flutter predictions. Two 
models were used. One was scaled with the stiffness of the proposed baseline 
vehicle; a second with a reduced stiffness level. These results, with the aid 
of various computer programs, established flutter boundaries and substantiated 
proposed margins. All wing/elevon and fin/rudder models were designed to have 
variable control surface stiffness. This allowed exploration of potential 
coupling of the control surface with parent surface modes. These models also 
evaluated buffet and stall flutter tendencies. A semirigid flutter model was 
used to do the final evaluation of the Orbiter flutter boundary over the 
Mach/dynamic pressure range (fig. 5.33). Acoustic tests of the Orbiter surfaces 
covered by TPS had indicated that failure might be initiated by extreme pressure 
gradients. Gradients such as those produced by aerodynamic shocks, as well as 
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6. WIND TUNNEL TEST PROGRAM MANAGEMENT 


During the Phase A and B development programs, the NASA Johnson Space Center 
(JSC) and the NASA Marshall Spaoe Flight Center (MSFC) monitored some four major 
oontraots in their efforts to produce a suitable vehicle design to achieve the 
proposed spaoe transportation mission. Near the end of "Phase B, NASA 
Headquarters assigned JSC responsibility of managing the overall SSV .integration 
task and the Orbiter development. MSFC had responsibility for the ET, the 
SRB’s, and the SSME development. To effectively and efficiently manage the 
program, JSC established the Space Shuttle Program Office (SSPO) and created 
project. .offices representing the Orbiter, the ET, the SRB»s, and the SSME. Each 
project office in turn assigned subsystem hardware and software managers. One of 
these was the Aerodynamics Subsystem Manager. In addition to responsibility for 
the development of the Space Shuttle aerodynamic data base, the Aerodynamic 
Subsystem Manager was also responsible for the organization and implementation 
of the overall SSV wind tunnel test program. 

To assist in the execution of- the Space Shuttle wind tunnel test program task,, a 
committee of technical representatives was formed. It was referred to as the 
Space Shuttle Engineering Coordination Panel-Wind Tunnel Program (SSECP-WTP). 
Initial membership was requested from each of the NASA centers including NASA 
Headquarters. . Because five major Shuttle disciplines derive their source of 
data from the wind tunnel testing process (aerodynamics, aerothermodynamics, 
airloads, structural dynamics, and stage separation), each discipline was 
represented on the -panel by an associated subsystem manager. The SSV 
development covered a wide range of flight conditions throughout the Mach number 
range. Furthermore configuration modifications would result from the wind 
tunnel data analyses. For these two reasons it was decided to include a 
representative from each of the major U.S. wind tunnel testing complexes on the 
committee. These complexes were the NASA Langley (LaRC), Ames (ARC), and Lewis 
Research Centers (LeRC), and the Air Force Arnold Engineering Development Center 
(AEDC) . The representatives were helpful not only in sharing similar test 
experiences, but they were also familiar with the capability and daily status of 
their respective facilities. They would be able to efficiently coordinate those 
tests scheduled at their facilities. 

In September 1972, an organizational meeting of the SSECP-WTP was held at ISC to 
review with the prime contractor, Rockwell International, their overall 
estimates of the anticipated test program.. Additionally the plans for the first 
6 months of this program were reviewed in detail. Also guidelines for 
monitoring the overall test program were established. As a result the following 
procedures were adopted. 

a. The wind tunnel coordination panel would meet quarterly until such a 
time that’ the panel would no longer serve its original purpose. 

b. At each of these meetings Rockwell would provide a status of the major 
disciplines regarding what had been learned over the past several periods. 
Those issues would be addressed in the next segment of the program. 
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c. Rookwell would also review their master wind tunnel program regarding 
eaoh proposed test to cover a 2-year period broken down as follows: 

1. In detail, for the upcoming 6 months. 

2. In general, for the following 6 months on a monthly basis, 

3. A broad estimate for. the subsequent 12-month period on a quarterly 
ba si s « 

d. Each near-term proposed test, supported with a pretest run schedule, 
would be reviewed .by the panel. The objectives, testing techniques, and 
facility utilization were to be reviewed. 

e. Having satisfied the panel as to the test objectives, the facility 
representatives would provide tentative commitments from. their facility 
management to support these panel- approved tests. 

f. Before each test, the proposed run schedule would be required to have 
the concurrence of the appropriate JSC subsystem manager. The manager would 
indicate to the appropriate facility representative that the run schedule had 
been prioritized end minimized. The manager would also indicate whether the 
current data requirements of the SSV program had been met. Any facility 
disagreement with the test or run schedule would be negotiated between the JSC 
representative and the facility representative. Fig. 6.1 shows the flow of this 
chain of events. 

g. The Rockwell onsite test engineer would have the responsibility for the 
real-time direction and run scheduling within the scope and objectives of the 
agreed-upon test. Any JSC inputs/modifications, to the conduct of the test, 
would be through_the Rockwell test engineer. 

h. Any major changes to the scope or objective of an approved test would 
be coordinated between the appropriate subsystem manager and the Rockwell 
analysis engineer, before reapproval. This reapproval would then be relayed to 
the facility representative and to the onsite test engineer. 

i. Periodically, both the SSPO- and/or the appropriate project office(s) 
would be briefed on the status of the test program and the analysis of the 
results. 

During the time that the panel was active, September 1972 to September 1976, the 
SSECP-WTP met 12 times. At each of these meetings, the format was basically the 
same. Rockwell presented their proposed test program for review. It also 
presented comments on whether the data from previous testing were adequate and 
if any model modifications and/or additional testing were required. Rockwell 
also presented the overall status of the configuration development emphasizing 
the gathering of adequate data defining the baseline vehicle characteristics. 
MSFC presented similar information relative, to the ET and SRB development. 
During the course of these presentations, problem areas, other then the "main- 
stream" vehicle characteristics, were identified. Action was assigned to one or 
more of the panel representatives for. further analysis and resolution. 

Many of the action items required major studies requiring technical specialists 
and appropriate testing facilities to provide timely data for analysis. As MSFC 
was primarily responsible for developing the ET and the SRB recovery system, it 
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expended a large effort in defining the unsteady flow field of the mated 
vehiole. It also performed detailed interstage analyses and plume/support- 
interference studies. LaRC, with its long experience in aeronautlos and large 
number of available facilities, provided the following major contributions to 
the SSV program. Included was the "fine-cut" stability and control analyses for 
the Orbiter. This information was used as the primary data souroe by the 
contractor for the final configuration analyses. Other LaRC. studies inoluded 
Orbiter center-of-gravity expansion capability, supersonic Orbiter hysteresis 
characteristics, RCS interaction effects, dynamic stability characteristics 
(Orbiter, integrated vehicle and ferry configuration), ALT/support- interference 
effects (base drag), launch vehicle drag reduction, tile roughness effects, and 
real-gas effects. LaRC heating studies covered boundary-layer transition; 
surface heating, and flow phenomena techniques (phase change coatings,, oil flow, 
and electron beam); and interference heating. The ARC, although primarily 
involved in conducting the major segment of the development testing, did provide 
analytical support in the areas of Orbiter heating, aeroelasticity, static 
plumes, and aeronoise definitions. 

The following paragraphs detail the major discussion items at. each of the SSECP- 
WTP meetings. Reference to configurations should be correlated with the 
definitions given in the section "Configuration Evolution" or by using fig. 3.1. 

3SECF-WTP Meeting No. 1 

This first meeting was held at the end of October 1972, Just before the 
configuration changes were finished for. the ATP vehicle to form the PRR 
configuration. 

H3FC teat requirements for aooepted and pro posed shuttle tasks. - Seven tests 
were requested to support SRB entry analyses: four for ET and SRB ascent loads, 
one for the ET entry, one for lift-off aerodynamics, and one for launch vehicle 
plume simulation. Rockwell reviewed their required support contribution and 
concurred with five of the tests. They postponed the decision on the remainder 
until the next meeting. 

Spaae Shuttle aarodvnanlo design data ha a a (ADDB1 . - During the Phase B, B» , and 
B" contractor studies, JSC formulated a document to serve as a single source of 
data for all aerodynamic-related studies. In addition to the basic vehicle and 
control surface aerodynamic data, related items such as configuration geometry 
definition, control surface deflection capability, etc. were included. This 
document guided Rockwell in producing the Space Shuttle ADDB. As one of the JSC 
supporting tasks, the data were also to be put on magnetic tape for the user 
community. Tight control ensured that all studies used this same source of 
"official" SSPO aerodynamic data from the ADDB's. This would avoid conflicting 
study conclusions that would occur if different sets of data were to be used 
(refs. 14 through 39). 

Wind tunnel test procedures . - Procedures that were announced at the panel 
organizational meeting were changed. The pretest meetings were the 
responsibility of Rockwell and the facility. JSC would inter\ene only when 
conflicts arose. Also test data results were to be furnished to both Rockwell 
and JSC simultaneously. 
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Plume testing. - Recent tests indicated that loads testing should include plume 
effects. Planned tests were revised to accommodate this need. In addition, a 
study was initiated to define a SRM nozzle shape that would minimize the plume 
effects on the vehicle aerodynamics. 


Control effects teats. - A JSC study was presented that showed how the number of 
control surface settings (elevon) tested could bfi_neduced and still give 
reliable results. 


Air breathing propulsion system testing .. - Because of the recent decision to 
eliminate the ABPS for entry (to be used for ferry only) these planned tests 
were switched to a more economical facility. 

Reynolds number/ablation effects. - LaRC accepted a task to study the_effects of 
Reynolds number in conjunction with ablation- -caused surface roughness and shape. 
In addition, they would study. TPS tile (waffle) effects with Reynolds number 
variations. 


Test coordination. - Review and test revisions} were accomplished in the areas of 
control surface flutter, panel flutter, aeronoise and RCS/flow interaction. 

SSECP-WTP Meeting No. 2 

This meeting was held in February 1973. Tlie.Orbiter configuration 2A, the 
"light-weight Orbiter," had just undergone preliminary definition. Several 
months of tests and analyses were required to confirm the configuration 
revisions. Tests identified by- Rockwell for the near term included Orbiter 
Vehicle 2A preliminary stability and control, drag. and ground effect ABPS 
studies, then Orbiter detailed stability and control. Also,. Integrated Vehicle 
plume effects tests for stability and con trol were -included. Orbiter loads 
tests were Conducted to address design point conditions which were integrated 
into the structural analysis modal model. Separation tests had just been 
completed for the PRR configuration so only Orbiter abort separation tests were 
scheduled. These subjects also wefe discussed. 

Plume testing review. - Plume testing requirements f 'or the nominal ascent phase 
of flight, including separation and flight at hypersonic speeds, needed to be 
defined. This is so that the impact On facility hardware requirements could be 
made. 

MSFC support activities. - The MSFC studies included t he generation of launch 
heating environments, ET deOrbit motor location ef.fects, and protuberance 
effects. MSFC was also planning an ascent plume technol ogy program to address 
both analytical and experimental plume simulation technology as related to the 
Shuttle. The objective was to provide an economical an d efficient means for 
simulating SSME plume effects during the ascent phase. • The program elements 
included a simulation technique evaluation -that would qual ify air simulation for 
known variable T gaseous plumes. It also included a Reynolds number (Re) 
evaluation to determine the quantitative effect of free- stream Re on plumes 
induced flow separation arid a simulation evaluation to qualify ^ir simulation- 
using a hybrid (hot SRB, cold SSME plumes) model. 
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LaRC dvnamlo stability testa. - Lai SC initiated a dynamic stability program to. 
complement the one planned by Rockwell*. Progress would be coordinated through 
the SSECP-WTP with JSC responsible for configuration definition. 

SSECP-WTP Meeting No. 3 

This meeting was held in May 1973. The short-lived Orbiter Vehicle 3 was about 
to become Vehicle 4. Rockwell prese nted results of some of their analytical 
prediction techniques for the Orbiter. Also presented was the test plan 
required to develop the Orbiter Vehicle 4 aerodynamics using existing Vehicle 2A 
and 3 models. Integrated Vehicle testing was planned to obtain parametric data 
(ET nose shape, Orbiter incidence, f>RB .location, attach structure detailed shape 
and Orbiter distance from the ET).. Testing also gave Reynolds number effects,, 
plume effects (location of SRE. exit plane) and separation proximity 
aerodynamics. Because of the complicated test models required for air loads 
(distributed pressures) the model configurations would go directly from Vehicle 
2A to 4. 

In other actions, Rockwell was requested to plan RCS/flow interaction tests at 
hypersonic speeds and LaRC w as requested to support sonic boom testing 
coordinated by a team from the AR(J, MSFC, and JSC. 

SSECP-WTP Meeting No. 4 

The fourth meeting of the Wind Tunnel Panel was held in August 1973. Vehicle 4 
was fairly well established. /in extensive status report was given by, Rockwell 
that reflected the Shuttle Requi rements Review (SRR).. As of this data 69 tests 
had been run in 6805 test hours using 17 facilities and 27 models. The estimate 
for the total program was 316 tests, 26 thousand hours, 31 facilities, and 69 
models. The upcoming testing period would concentrate on the Orbiter PDR 
configuration due for review in February of 1974. Basic issues to be addressed 
were 


a. Verification of basic stability and control capability. 

b. Establishment of con.trol surface effectiveness (off-nominal conditions 
and deflected surfaces for ailer on/elevon and rudder/speedbrake combination 
settings through the complete Mach range). 

c. Base sting interference and main rocket engine nozzle installation 
effects (wing tip or vertj.cal tail extension stings used in conjunction with 
base dummy stings). 

d. Confi gura tion t.uild-up (component on/off) effects. 

e. Control surfac e hinge moments. 

f. Vertical tail panel loads. 

g. Reynolds nuiuber and viscous interaction effects. 

h. ABPS locatJ .on/configuration effects (ferry conditions). 

i. Data tol e.rance level definitions (comparison of model/model, 
facility/facility, various model scales, etc.). 
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For the ascent vehicle the issues to be addressed were the definition of power- 
on base drag and dontinued ET nose shape effects. Also addressed were the 
protuberance and attach structure effects, booster separation rocket effects at 
long distances, and off-nominal relative attitudes. The airloads testing that 
was required concerned the issues of base pressures for a flared rudder, 
Orbiter/ET attach fitting simulation, additional rudder deflections, chord with 
denser pressure tap distribution, pressure taps to measure venting 
characteristics, jet exhaust effects on pressures, and pressure distributions on 
the ET and SHB’s. Other discussion considered the abort testing requirements 
where only abort- to-once around (AOA) and RTLS conditions were to be tested, 
SRB/ET test requirements, and an addition to the wind tunnel - test coordination 
procedure (biweekly teleconferences were initiated to allow premeeting test 
approval and definition .of_ problem areas). 

SSECP-WTP Meeting No. 5 

The fifth panel meeting was held in November -1973. The Aerodynamics Subsystem 
Manager reviewed the separate milestones for the Orbiter Project and the Space 
Shuttle Program (Integrated Vehicle). Orbiter Vehicle No. 1 (0V-101) would be 
used in the ALT Program and Orbiter Vehicle No. 2 (OV-102) would be used in the 
Orbital Flight Test (OFT) program. Each had separate management reviews. In 
addition, delta PDR»s and delta CDR's were set for 0V-101 approximately 6 months 
after the scheduled PDR and CDR. The Aerodynamics Subsystem Manager established 
an "Aerodynamics EDR" to accomplish two objectives. The first was the 
documentation of the source and the analysis of the aerodynamic data and methods 
in the "Aerodynamics Substantiation Report." The second objective of this 
review would be to establish an aerodynamics verification plan, using flight and 
wind tunnel data, that would increase the confidence in the design data. 

Orbiter. aerodynamic issues for Vehicle 4 . added since the last panel meeting 
were the effectiveness of vertical fins (increased yaw stability) and the effect 
of increasing the wing leading-edge radius on stability and control. Ascent 
aerodynamics tests continued on separation/plume effects including RTLS 
separation of slightly higher speeds... Airloads issues were the acquisition of 
detailed pressure distributions with RCS plume simulation effects, for 
prelaunch, for asymmetric effects such as attach fittings and the ET external 
feedline, for AB PS effects, and for powered SRB separation. SRB concerns were 
Reynolds nunber effects (chute deployment altitude and attitude), high Mach/high 
stability (chute altitude); strakes, and sting interference (accuracy of 
data). The plume technology tests by the MSFC included analysis of air/CF^ 

testing, plans to test at higher chamber pressure ratios, SRB hot gas test 
activities, and solid body plume testing for Reynolds number effects. 
Aero thermodynamics testing was being done to address boundary- layer transition 
effects, specific heat ratio effects, and detailed heating definitions for a 
ventral fin, the wing leading edge and TPS gaps. 

SSECP-WTP Meeting No. 6 

The sixth wind tunnel meeting was held in March 1974, directly following the_0V»- 
101 PDR in February. The results of the PDR presented by JSC concluded that - 
104 will meet the aerodynamic ground rules and the identified requirements. The 
Orbiter Vehicle testing requirements for the newly designated Vehicle 5 included 
viscous interaction effects on hypersonic stability and control. The definition 
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of aerodynamic data tolerances was improved. Additional stability and control 
data was required. Sting interference effects, TPS simulation, and air data 
sensor (ADS) calibrations were added. Integrated Vehicle requirements covered 
nominal and R1LS staging (build-up data and rudder/ elevon hinge. moments). Also 
covered were power-on base drag definition, (cold gas, base pressures, 
wing/vertical tail bending moments, and hot/cold gas comparisons). RCS 
effectiveness (hot/oo.ci gas for RTLS) and mated vehicle aerodynamics (second 
stage, sting effects, SRB nose/skirt parametrics) were included. Airloads test 
requirements were discussed. Rockwell was requested to combine the objectives 
of the planned airloads/force test, plume effects test, and the base drag 
assessment test. A long-term schedule for structural dynamics showed the need 
for TPS development tests to support the planned TPS PDR in November 1974. 
Aero thermo dynamic test requirements covered the effects of protuberances, 
penetrations and. gaps on heating, and RTLS abort heating (high a»s). Plume 
tests planned included development base convective heating and pressure. These 
tests also included plume/boundary-layer interactions, "creep" heating and 
pressure, RTLS abort heating and pressure, and launch pad/integrated Vehicle 
interaction heating. Entry heating tests were planned for updated overall 
configuration heating and pressure, wing leading-edge heating, and SSME nozzle 
heating. SRB planned tests were to obtain updated configuration stability -and 
heating/pressure distributions as well as drogue deployment feasibility data. 
Similar, testing was to be done for the ET. In addition, a test to define SRB 
sonic boom characteristics was planned. 

SSECP-WTP Meeting No. .7 

This meeting was held in July 1974. Because of uncertainty regarding the SSV 
1975 Fiscal Year budget the panel meeting had been delayed for a month. During 
this period JSC had requested Rockwell to organize their proposed testing t.o 
meet a "minimum requirements" program for the Vehicle 5 configuration. Proposed 
Orbiter aerodynamics testing addressed the evaluation of recent design changes 
(elevon gaps, OMS pods, differential elevons, and elevon flapper doors). Also 
addressed was the determination of viscous interaction effects on hypersonic 
stability and control. Inboard/outboard split elevon effectiveness, RCS 
simulation improvement, and testing required to support TPS simulation was also 
discussed. Integrated Vehicle tests were proposed to obtain basic aerodynamics 
for Vehicle 5. This included elevon/rudder/bodyflap hinge moments, wing root 
bending and torsion, and plume effects (on base pressures, nozzle loads, elevon 
characteristics). Separation testing was planned for nominal conditions at high 
o' s and 0»s, and for R1LS conditions with RCS jet simulation. SRB alone tests 
covered entry stability, nozzle hinge moments, Reynolds number effects, and 
pressure distributions for both venting studies and load calculations. ET tests 
would cover protuberance loads and sonic boom characteristics. Airload tests 
were to be conducted for pressures near the Orbiter nose and main wheel well 
(thermal blanket survival assessment). Flow visualization and wake mixing data, 
exhaust plume effects, elevon deflection effects on wing pressures, and element 
pressures (Orbiter, ET and SRB mated) were also tested. Structural dynamics 
testing was for aeronoise effects on the TPS (structural panel tests), flutter 
with TPS (structural panel), and flutter for the wing/el evon-f in rudder 
components. Aerothermodynamics tests concentrated on TPS tile gaps with 
pressure gradients. Thin film gauge instrumented Orbiter/ET attach structure 
for the ascent phase and surface roughness (paint) and canopy/ forebody heating 
rates for entry conditions was also tested. For the carrier program, testing, 
was about to begin. The Boeing Company had been awarded the contract the 
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previous month. Some preliminary design support tests had been done leading up 
to carrier ATP. Now the detail design test requirements had to be done in 
preparation for carrier PDR in November 1974. Near-term testing included mated 
vehicle stability and control for takeoff. Cruise and landing (including 
effects of Orbiter incidence, Orbiter position, tailcone shape and carrier 
vertical tail modifications) were tested. Separation configuration development 
(Reynolds number effects and separation matrix definition) and tailcone 
configuration definition were tested as well. _ 

At this stage of the program, the major configuration changes had been made. 
The bulk of the future tests would be for configuration refinements, data 
verification, and contingency issues. It was decided therefore, to reduce the 
quarterly panel meetings to three. per year after the next meeting. 

SSECP-WTP Meeting No. 8 

The eighth meeting of the panel took place in October 1974. Program schedules 
were presented and discussed in terms of events related to the panel subsystem 
manager’s responsibilities. Fabrication of most of the Orbiter structure fo r 
0V-101 was completed_and assembly had begun. 

Major aerodynamic issues for the Orbiter were the following: 

a. Increased drag caused by the shortened (blunted) OMS pods 

b. Unaccounted wave drag caused by TPS tile steps 

c. Initiation of a test program for the entry ADS probes 

d. Decrease in pitching moment caused by viscous- interaction effects 

e. Corrections for base sting and SSME nozzle effects 

f. Influence. Of RCS n RT n - (product of gas constant and temperature) scaling 
and Mach effect on entry RCS simulation 

g. Reduced f uddec_effectiveness caused by air leakage through the rudder 
hinge line gap . 

Integrated Vehicle aerodynamic issues discussed were Vehicle 5 power-on base 
drag test results (higher drag level than the latest data book). Also discussed 
were the Vehicle 5 power-off forebody drag (recent tests show higher drag) and 
eleven deflection schedules for hinge moment actuator load relief. For the 
carrier program, a requirement to land with the tailcone had been added. _ 
Therefore a test, series was initiated to address this configuration. SRB 
testing covered Reynolds number effects, updated configuration stability and 
control, ahd nozzle hinge moments. ET tests included Orbiter/ET fairing 
Optimization, Reynolds number effects, dynamic stability verification, and plume 
simulation effects. Entry heating tests were planned to obtain the effects Of 
forebOdy boundary- layer transition and surface roughness, surface seals and 
cavities, leading-edge radius, and TPS gaps. Integrated Vehicle heating tests 
covered updated configuration heating distributions, protuberance effects, and 
base convective heating/preasures. Structural dynamics tests were to be_done 
for wing and vertical tail flutter boundary updates. 
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SSECP-WTP Meeting No. 9 


This meeting was held In May 1975. Orbiter aerodynamic concerns were trim 
capability near Mach 5, loads exceeding the transonic elevon hinge moment 
limits, Reynolds number effects, ALT airloads, and continued air data probe 
calibrations. The integrated Vehicle testing plans were for RTLS separation and 
airloads with plumes (hinge moments, venting pressures). The carrier 
aerodynamic issues were strut (Orbiter) effects, launch separation, captive 
vehicle airloads, and tailcone off buffet alleviation. Orbiter heating tests 
and analyses addressed. the establishment of smoothness criteria, preventing 
early flow transition, and elevon dynamic seal heating. Ascent heating concerns 
were Vehicle 5 heating and pressure distributions and plume effects on base 
heating at high altitudes. Structural dynamics testing was on panel flutter 
with and without TPS, aeronoise during ascent, and rigid Orbiter tests to 
predict buffet onset (including canopy effects). 

SSECP-WTP Meeting No. 10 

The tenth panel meeting was held in October 1975. Orbiter aerodynamics concerns 
to be addressed included viscous interaction and real^gas effects. Also 
discussed were effects of new outer mold lines (OML) caused by TPS thickness 
redefinition, ALT vehicle tailcone data deficiencies, and air data probe 
(forebody model) calibrations. Integrated Vehicle aerodynamic issues were force 
and moment element data with an updated elevon deflection schedule. Other 
issues were RTLS abort separation with force and aft RCS effects, AADS 
feasibility, airloads update, and effects of protuberances and attach hardware. 
Entry heating tests involved the definition of boundary- layer transition. For 
the Integrated -Vehicle, heating tests continued on -Vehicle 5 heating and 
pressure distributions, and protuberance effects. Structural dynamics concerns 
were for Orbiter Nomex felt panel flutter. 

SSECP-WTP Meeting No. 11 

A review of the remaining test program in this March 1 976 meeting indicated that 
because of the advance approval management procedure that was used, the Wind 
Tunnel Panel's role was essentially completed. The panel, decided to dissolve 
itself after the next meeting and transfer the management of any future tests to 
the respective subsystem managers. 

The 0V- 101 vehicle had been assembled and was approaching the Shuttle ALT CDR. 
The 0V-102 vehicle 0M, definition had been signed off, fabrication had started, 
and assembly was ^ months off. Orbiter aerodynamic issues concerned 

a. Verification of the 0V-102 lines at subsonic and transonic speeds 

b. Nonlinear aerodynamic control surface characteristics (LaRC- supported) 

c. Predictions of aeroelastic effects 

d. Evaluation of. the ALT ADS calibrations (side probes and nose boom) and 
0V-102 ADS test plana 

e. Aerodynamic loads on landing gear (which are gravity operated) struts 
and doors. 
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. ^ Tailcone on data (ground effects, 

test support system tares). 


airloads, hinge moment effects, and 
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7. WIND TUNNEL TEST PROGRAM 


As previously discussed, obtaining the aerodynamic, aerothermodynamio, and 
structural characteristics for the design and development of the SSV 
configurations necessitated the formulation and execution of an extensive wind 
tunnel testing program. To minimize costs, plans were made to make maximum use 
of NASA test facilities and to fabricate multipurpose wind tunnel models. The 
contractor Phase C/D wind tunnel test program, which began in September 1972, 
was formally completed in September 1983. 

In the formal Rockwell proposal, the estimated wind tunnel, test program 
consisted of 18,900 hours for. the Orbit er and 7 » 1 00 hours for the mated launch 
vehicle and the elements for a total of 26,000 hours. During the test 
program, several management decisions required major configuration changes. 
Changes such as Orbiter sizing, Orbi ter/carrier concept, launch vehiole 
operational concepts, etc. (fig. 3.1 and 3.2 for the major design evolution 
characteristics). This resulted in a substantial increase over the initially 
proposed number of test hours. Overall the prime contractor-utilized 
approximately 46,500 wind tunnel test hours in the Phase C/D time period. Table 
7.1 presents a .summary of the test hours per major configuration, for the 
various disciplines, together with the number of supporting models. As a 
projection of the cost for the test program, the facility horn’s and models are 
shown with their estimated costs. Fig, 7.1 illustrates the occupancy hours for 
the various configurations per discipline, in comparison with similar large- 
scale test programs. _ 

In addition to the Rockwell Phase -C/D wind tunnel test program, MSFC and LaRC 
major- supporting test programs during this time amounted to approximately 20,000 
hours. The MSFC, having direct responsibility to the SSV program, expended 
approximately 7,000 hours performing in-house SSV technology tasks. JSC 
conducted approximately 1,800 hours of tests, primarily in direct support of 
Orbiter aerodynamics. 

Wind tunnel facilities used in the test program were chosen based on the 
tunnel’s capability to simulate the required test conditions. However, the 
selection was also based on the facilities cost and efficiency. For this 
reason, . nearly 71 percent of the test program was conducted in NASA facilities* 
Specifically, 41 percent was done at ARC, 17 percent at MSFC, 13 percent at 
LaRC, and 1 percent at LeRC. 

To assist in the test program management and coordination, a test coding system 
was developed. The tests were divided into groups each representing the 
particular. Organization which was directly responsible for that test (i.e. 
Rockwell, LaRC, MSFC, etc.). Each test was given an -al pha/numeric 
identification cade. For the .Rockwell tests, the first of the two alpha 
Characters indicated whether the tests were for the Orbiter (0), Integrated 
Vehicle (I), carrier aircraft (C), external tank (T), or solid rocket .booster 
(S) configuration. The second alpha character denoted the area of discipline to 
be evaluated:- aerodynamics (A), heating (H), or structures (S). The numerical 
Characters represented the Chronological order of the tests. It should be noted 
that. the airloads and the ascent phase separation aerodynamics are listed under 
"A n . Structures tests are predominately structural dynamics tests (as opposed 
to airloads tests). Also the heating test program included some pressure 
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distribution testing that was done simultaneously (at the identical test 
conditions) with the heating tests to ensure data analysis compatibility. 

For those support tests conducted by the -various NASA centers, the first alpha 
character was changed from the above description and was used in identifying the 
center as LaRC (L), MSFC (F), ARC (A), and JSC (M), with the remainder of the 
identification code the same as previously explained. 

A summary of the total test program is given in .table 7.2 and the detailed lists 
of tests for the Orbiter, Integrated Vehicle, carrier vehicle, ET and SRB's are 
contained in appendices A1 through A5, respectively. Each table gives the test 
number .-(or ID), the test schedule, the occupancy hours that were estimated and 
that were charged by the facility (actual "fan-on" hours), the actual number of 
runs conducted, the model reference designation (see "Configuration Evolution" 
section) and model ID (Refer to "Wind Tunnel Test .Models" section), the facility 
used (Refer to "Wind Tunnel Facilities" section) and the facility-designated 
test number, and the DATAMAN document number and status (Refer to 
"Documentation" section). Not shown in the test program listings is 
approximately 660 hours representing 12 Orbiter ADS probe-alone tests. 


FACILITY HOURS AND ESTIMATED COST FOR THE PRIME CONTRACTOR 



CO 

0 

1 
< 
z 
>- 
Q 
O 
a 

Ul 

<• 


8 l| 

LO CO 
CO. ^ 



ME 

> 


IE 
!2 <o 
^ ej 


I 

s 


CO 

X H 
3 CO 

o o 

X o 


co 

£+- 
3 CO 

O O 
X O 


co 

CC H 
3 CO 

o o 

X O 


CO 

CC f- 
3 CO 

o o 

X o 


.fe 

o o 

Z O 


I 


CD 

< 

H* 


a 

uj 

S 

a 

i 


tr 

z 

UJ 


Ul 

Q 

CO 

< 


2 


o 

2 


r 

■j 

UJ 

Q. 

O 


Ul 


o z 


co 

o 

o 


zs 


g_ 

< H - 

lag 

zo 


s s 


E 


co s a 
ui £ a 
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TABLE 7.2. - PHASE C/D SSV COMPILATION OF THE 

WIND TUNNEL TESTING TOTAL ACTUAL PROGRAM 
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WIND TUNNEL TEST FACILITIES . 


Many facilities were required to simulate the particular flight conditions that 
would provide the design of the many SSV Configurations. These data had to be 
accumulated over the entire range of flight conditions that would be encountered 
from launch through entry and then some. The selection of a tunnel, for any 
particular test was based on the tunnel » s -capabilities to simulate required 
flight conditions, principally Mach and Reynolds number. However, selection was 
also based on the facility, convenience, and operational economy when there were 
possible alternate choices. 

There were three primary types of wind tunnels used. 

a. Continuous flow tunnels. These .tunnels permit uninterrupted testing 
until all required data are obtained on a particular configuration. Models and 
test conditions of Mach .number, Reynolds number, and angle of attack and 
sideslip are set up and the air (or test medium) is recirculated until run 
completion. 


b. Intermittent tunnels (blowdown tunnels). These tunnels have an 
operating time from several seconds to a few minutes. They have storage -tanks 
charged with pressurized air that is suddenly released, and data are taken over 
a short blowdown time span. 

c. Impulse tunnels. These tunnels are designed. for the simulation of high 
Mach number values. They have a very short run time, in the order of milli- 
seconds. Instrumentation of the models fox' this type of tunnel must have high 
response for the instantaneous recording of the necessary data. 

The capability of the various facilities to match the combined Reynolds 
number/Mach number flight conditions is given in fig. 8.1(a) for ascent and fig. 
8.1(b) for entry. In the high hypersonic regime (Mach number above 5) the 

viscous parameter, was used as the correlation parameter rather than 

Reynolds number (see fig. 8.2). Facility information for the SSV test program 
is summarized in table 8.1 grouped by speed category. The facility name, type, 
test section size, Mach number range, Reynolds number range and typical model 
scales is given. 

The choice of facility for any given test was determined by selecting the .one 
which could approximate flight conditions. Flight conditions were approached 
through control of the geometric similarity and scale of models (properly 
instrumented) and tunnel control of 

a. Reynolds number, which is the ratio of the test medium’s inertia force 
to the viscous force. The similarity between a-model and prototype is realized 
When tha dimensionless Reynolds number for the model equals the Reynolds number 
for the prototype. In some instances, it was the objective of a particular wind 
tunnel test to show that the effect Of varying the Reynolds number is a 
negligible factor, . Therefore some tests were conducted at several Reynolds 
number levels. 
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b. Mach number, which is the ratio of the relative velocity of the vehicle 
to the speed of sound in the medium. 

o. Angle of attack and sideslip, which is the attitude of the model in 
relation to the free-stream velocity vector in the pitch and yaw planes, 
respectively. 

d. Other parameters such as thrust coefficients, aeroelastic. frequencies, 
separation distances, etc. that had to be simulated for specific tests. 

Because of the impossibility of obtaining all of the required data in one 
facility,, it was necessary to. use combinations of facilities and models to 
obtain data over the desired range of flight conditions. 

Additionally, there were no tests or combination of tests that could account for 
all variables such as Reynolds number, Mach number, angle of attack, model size, 
wind tunnel, or balance choice that could-be made in such a manner as to provide 
all desired data for the determination of aerodynamic characteristics. 
Therefore, testing was directed to those areas considered most critical to the 
vehicle* s design. Vith the limited data obtained it was possible to predict, or 
extrapolate, the aerO/thermo/structural characteristics in the untested areas. 

The complete phase C/D wind tunnel program is grouped by facility designation 
and presented in appendix A. The in-house facility test number is given 
followed by the SSV test designation, test date, hours, runs, model 
configuration reference and ID, and documentation number. 


TABLE 8.1 - LIST OF SOME OF THE MAJOR SUPPORTIVE TEST FACILITIES 
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9. WIND TUNNEL TEST MODELS 


Based on the range of flight regimes that were to be evaluated in developing the 
design of the SSV, a total of over 100 models were eventually required. The 
model scales range from 0.4 to 36 percent of the full-scale configuration. 
Exceptions to these scales were the full scale testing of specialised components 
such as control panels, TPS tile with gaps, etc. Model size was determined by 
the required testing parameters and the effective tunnel size for attaining 
flight simulation with minimum tunnel interference. The models were 
geometrically scaled and manufactured to extremely close tolerances to obtain 
accurate- data. Later models incorporated finer details of external 
protuberances, surface roughness and indentations, as shown graphically in fig. 
9*1. 


Force models, which measure the three forces and three moments that define the 
Overall performance and stability of the vehicle, were the primary source for 
obtaining the aerodynamics of the SSV configurations. In the early tests when 
basic force and moment- testing was being done in the low speed facilities, 
wooden models were used. Soon after,, for testing in the high speed/pressurized 
facilities, the models were made of aluminum and/or stainless steel. 
Ultimately., for hypersonic facilities, the models were constructed of heat- 
treated steel. 


Heat transfer models were used to establish the flow field and the temperature 
distribution about the vehicle. The models were either made of a plastic-like 
material or they were stainless steel models. The- former type models were used 
to define the flow patterns using oil-flow photographs. The stainless steel 
models were fitted with thermocouples (and/or calorimeters) to define the 
temperature distribution and stagnation heating for a range of trajectory 
conditions. 

Pressure models were used to obtain detailed surface pressure- distributions to 
assist in. the airloads analysis and to design the various structural components 
Of the SSV configurations. Pressure models were basically the same as the force 
models (and in some cases identical models). They were fabricated from aluminun 
and/or steel. The major differences, however, were the multitude of pressure 
ports located over the surface of the model and the required plumbing located in 
the interior of the model to measure all the pressures. 

Aeroelastic models were used to measure the torsional, Shear., and bending 
Characteristics of a particular component. The. elastic models were -force models 
with the component to be evaluated (e.g.__the vertical tail or wing) being 
replaced with an elastic component. 

Flutter models were used to evaluate the dynamic characteristics of a particular - 
component. Flutter models were usually made of balsa wood with appropriate 
stiffness. The flutter models are normally tested to destruction. 

A summary of various models used is shown in table 9.1 with definition of. the 
model identification (ID), configuration represented, majo r d iscipline, 
scale, type measurements, and general comments. 
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additional information, grouped by model. It includes the 
/ . _ !? se< * * n » test dates, test hours, number of runs, the facility 

(and facility test number), and documentation information. 


test 

used 
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MODEL 1 PRINCIPLE MODEL ' BASIC , GENERAL 

NUMBERS DISCIPLINE SCALE FUNCTION COMMENTS 

1-OTs" AERODYNAMIC^" "o"o04 FORCE & MOMENTS MODIFIED PRE-ATP STABILITY' & CONTROL MODEL 
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10. DOCUMENTATION 


storing^and^manipulatln^^arge^bloo'lfs ' of^wl 81 ^*? ad ayat “ l f ° r 

development of the "System 8 for Automaifw n °, f Wind tunnel data led to the 
Criteria" in 1 966 by Chrysler cor evelopment of Static Aerothermodynamic 
Louisiana. TypUall/, raw win STtS^i i? 00 Spa ° 8 Division ’ New Orleans, 
coefficient form at the facility* with mam were automatically reduced to 

predominantly by hand. Data Sinf ^ subsequent operations done 
data for scale effects, breakdown of the Safa”?' bias shifts > adjustments to the 
cross plots) for data evaluation* ^ fairer a C ^ 0n f nt analysis ’ plots (and 
presentation plots, etc. were all done "manual and interpolated data, final 
tests such as loads and heatine till I!? 1 /; str *uctural design related 
there are usually manv more dat-f e handled in a similar manner. However, 

Chrysler, m Lpport cf th. ^ t6at In 1966; 

MSFC, designed and developed a dielt.i P 110 P r ogram ’ and under oontract to the 
incinde data file storage and P L° graM Syatea »culd 

capability, and automated plotting capability J® r ^I° ns ' data n°“PUtatlonal 
renamed DATAMAN (short for data manaffemenf^ 7 * In 1970 » the original system, 

to document and file experLenti STd tunnef *LTT ** th ® as a mea ns 
cl6vel 6pm ent prcjarram Th-io i data from the SSV design and 

operational during tha Phase B Dortinn was aocepted and the system became 
beginning of Ph?se C/“ appro^“atel^ o» 5?* S 5“ Ue Progr£ “- Since ‘he 
percent were special requests) have heerf-t 06 bh ? usand test reports (of which 35 

Each of these docm^ts is retrL^able . a !;r 1 r aUPPOrt ° f the SSV P'***™. 
Scientific and Technical Aerospace Reirts or STARn^ 8111 * , (abstraoteii In the 
Information. However the teat data^e, \° ?J AR and 00 stains complete test 
with limited analysis. This method of do^uiT^M 7 in standard P lo ts and tables, 
The current wind tuniel i^esti^ion forT!?*^, fc ! St data is ve ^ ^Que! 
not only a large amount of data but the data 6 *? deS ^® n resul ts in generating, 
different facilities and is often Drovided in nfee -8 obtained fr0m a number of 
The impact on the engineering analyst with h t*! 8 ”? nomenclature and format, 
organize, manipulate, and plot £ta L V? reS0Urces mailable to 

to limit the scope of the anaivi nl t © either delay release of the data or 

procedures, as was done for the SSV Droffra^ matil <d Snd stan dardizing these 
desired reference system and format P rapid output of the data in the - 

community. Th.”. t2E£?«.V h»e ^ tha a »Sl"ueri„g 
method Of documenting, as well aa worwt” l °< ?! both-an effective and economical 
could_be applied to^a^ro ^c. ^ 

engineer to ^IrTu^aTLt^ S, f“ ^ »“ ayate " aaablaa bba 

tedious job Of ^ganiglng^nd plotting^arge cu«wSf.‘of* f ? » ralle,1 " g tha 
prelude to analysis and evaluatio^ Th« d ^ abit l ies ° f da ta as a necessary 

available in a time frame that, permits' rapid *** 1= 

incorporate ary findings into subaenuart aAUatl ° n ' T«us the engineer can 

permits maximum exploitation of the data by al aysfcein 
major. and second order effeetq hv __ _ j j . ,, ® omplete analysis, of 

the data, which would not normal^ be po^ble'wm^iL"^ plota of 811 ^ 
method permits extensive analysis of fha k 8 "a linited manpower. The 
and Comparative^ plolung^f ^suoh v?rlable.^ Pr T' autMata<1 calculation 
increments, trim'condiuons, contrT power effecUve'neT S ’ , deri . Vativaa ’ - 
operations which must be performed for design applications, of ih.^U a^d 
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consequently are equally Important to the engineer. The system facilitates 
comparison of data from ourrent tests with data from prior tests by providing a 
data storage and retrieval system. It expedites the publication and 
dissemination of all the data obtained. The system provides a dooument 
containing a oomplete set of the data obtained In the Investigation. These 
documents can subsequently be referenced In more formal documents and 
presentations. A oomplete listing of~all test documents produced Is given In 
appendix B. Table B1 relates the dooument number to the test number, test data, 
model reference configuration and ID, and the facility. Table B2 shows the NASA 
contractor report (CR) number, the test number, and the report title. 
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Figure 3.3. - Orbiter Vehicle dimensions; configuration evolution. 






Figure 3.3. - Continued. 







Figure 3.4. - Integrated Vehicle dimensions; configuration evolution 
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Figure 3.5. - iSTS-1 mission configurations. 
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Figure 4.1. - Space Shuttle nominal mission phases. 
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Figure 4.2. - Nominal trajectory characteristics. 
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Figure 4.7. - Space Shuttle Orbiter Vehicle aerodynamic considerations. 
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Figiure 5.5. - Integrated Vehicle plume effects tests; blade-supported model no 
, 88 in the ARC 11-ft Transonic Wind Tunnel. < . t 




(b) Side view with active plumes 
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Figure 5.5. - Continued. 



► 




originm- pw® ' 
OF POOR <3 uftUI 



•) ‘ 

* 

1 . 












a> o 
>oo 

■a 

a> Q) 

4-J JC 

ra.-M 

O) c 


C LO 
i-H C\J 


I 


LO 

0) 

*- 

25 

CT> 

•r- 

U* 















ORIGINAL PA6S'& 
OF- POOR QUALITY 



• r> 

a> 

"O 

3 


•P 

r— 

03 • 

OVf- 


o 

-o 03 
a> ll. 
•P 

n3 ^ 
<— O 

1 : E 

tO Cl) 

CO 

4-> 03 
rd CQ 

-O O) 
I— CO 
CDr— 

•r- 3 

a. 

to E 


03 O 
CD U- , 

x 00 

s: 

CD 

CO (D 

03 x: 

-Q *P 

4- c 
o T- 

«P LO 
CO <\j 
CD 

•p • 

o. 

CD C 

c 

P CD 
03 T3 
CD g 
X E 

I 


C\J 


uo 

CD 

3 

oi 







<L> 


U 

tA 

I 


3 Q> 
4- C 
C 

4- 3 
O h- 


-P O 

U1 t- 

0 ) c 

4- » O 

00 

<u *- 

5- QJ 
3 Q- 
00 >> 
l/> IX 
0) 

$- «P 
0.4- 
^S. I 
0>LD 


•r- CO 


rt3 O 
<y o: 
a: < 


in 


a> 

s- 

3 

cn 



'I 





































(g) Aft bent sting; model no. 105 at Lowa (AEDC-A) . 
Note the high fidelity model and the base pressure 
instrumentation. 

Figure 5.19. - Continued. 


(h) Wing tip riiSunt; model no. 43 in the RI Low-Speed Wind Tunnel. 

Figure 5.19. - Continued. 
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(a) Three pylon strut support; front view. 

Figure 5.20. - Large scale model (36 percent) no. 76 in the ARC 40- by. 80-ft 
Subsonic Wind Tunnel . 
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Figure 5.23. - Aeroelastic Model. Picture not available. 
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Figure 5.25* - Landing gear loads test; model no. 16 in the Rl Low-Speed Wind Tunnel. 
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(a) Wing model with skin removed. 

5.33. - Large-scale model tests for flutter boundaries; model no. 59 
in the LaR'C 1'6-ft Transonic Dynamics Tunnel. 1 
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(c) Vertical tail model with skin removed. 
Figure 5.33. - Continued. 
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(a) Model no. 47 in the Ames 11-ft Transonic Wind Tunnel; straight sting in Orbiter base. 
Figure 5.38. - Tailcone testing for support interference. 
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Figure 7.1. - Space Shuttle wind tunnel program compari 
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(a) Entry. 

Figure 8.1. - Facility Reynolds number simulation capability. 
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Figure 8.1. - Concluded 
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(c) Model 8A (*035-80316) installed in the LeRC 10 by 10-ft Wind Tunnel* 
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Figure 1 9.1. - Continued. 





APPENDIX A 


1£Z2 0F WIND TUNNEL TESTING BY TEST NUMBER, BY TEST FACILITX, 

NUMoEIu . ’ 


AND BX MODEL 


IrtH«i te Tn t 1 ? U f? er deflnltion » n °del reference (configuration) definition, and 
model ID listings are presented in the Chapters VII, III and IX respectively. A 
summary of the test number definitions is presente d ^ convenience: 


First letter - 0 - Orbiter 

- I.- -Integrated Vehicle 

- C - Carrier Airoraft 

- -T - External Tank 

- S - Solid Rooket Booster - 

- L - Langley Researoh Center 

- A - Ames Research Center 

- M - Johnson Space Center- (formerly the Manned Spacecraft Center) 

- F - Marshall Space Flight Center 
Second Letter - A - Aerodynamics Testa 

- H * Heating Tests 

- S - Structural Dynamics Tests 

Number - Chronological Test Order 


TABLE A1 
TABLE A2 
TABLE A3 
TABLE A4 
TABLE A5 
TABLE A6 
TABLE A? 

TABLE A8 
TABLE A9 


WIND TUNNEL 
WIND-TUNNEL 
WIND TUNNEL 
WIND TUNNEL 
WIND TUNNEL 
WIND TUNNEL 
WIND. TUNNEL 
COMPLEX 
WIND TUNNEL 
WIND TUNNEL 


TESTING BY -TEST NUMBER AERODYNAMIC TESTS 
TESTING BY TEST NUMBER - HEATING TESTS 
TESTING BY. TEST NUMBER - STRUCTURAL DYNAMICS TESTS 
TESTING BY FACILITX - NASA COMPLEXES 
TESTING BY FACILITX - OTHER GOVERNMENT COMPLEXES 
TESTING BY FACILITX - PRIVATE FACILITY COMPLEXES 
TESTING BY FACILITX - SPACE SHUTTLE PRIME CONTRACTOR 

TESTING BY FACILITX - UNIVERSITY FACILITIES 
TESTING BY MODEL 
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PHASE C/D SSV WIND TUNNEL TESTING PER TEST NUMBER 
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